Bip enhanced the association of GSK-3β with tau during ER stress both in vivo and in vitro.
Hyperphosphorylated tau is the major component of intracellular neurofibrillary tangles, which is positively correlated with the cognitive decline in Alzheimer's disease (AD). The upstream factors leading to tau hyperphosphorylation are still not fully understood. Endoplasmic reticulum (ER) stress has been indicated in AD pathogenesis and the increased level of binding immunoglobulin protein (Bip), an important ER associated chaperon, is increased in AD brain. Here hyperphosphorylation of tau, activation of glycogen synthase kinase-3β (GSK-3β), and elevation of Bip were induced by ventricular infusion of ER stressors, tunicamycin (TM) and thapsigargin (TG), in rats. GSK-3β was found to be responsible for tau hyperphosphorylation induced by ER stressors both in vivo and in vitro. In addition, inhibited Akt, protein tyrosine phosphatase 1B, and activated Fyn were detected in vivo. Down-regulating Bip by tranfecting its siRNA plasmid significantly revised tau hyperphosphorylation in TG treated HEK293/tau cells, but the activation of GSK-3β was still observed. By immunoprecipitation, we found that the binding levels of Bip to tau and GSK-3β were significantly increased with the elevation of Bip in TM-treated rats. Moreover, in Bip overexpressed HEK293/tau cells, the binding levels of Bip to tau (mainly phosphorylated tau) and GSK-3β were also significantly increased. However, β-catenin, another important substrate of GSK-3β, was not found bound to the increased Bip. All these data suggest an essential role of Bip in GSK-3β dependent tau hyperphosphorylation in ER stress by promoting the binding of GSK-3β to tau.